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ABSTRACT 
In June 1993, the Alaska Department of Fish and Game, Sport Fish Division, initiated a project to monitor the status 
of the chinook salmon Oncorhynchus tshawytscha stocks of the Karluk, Ayakulik and Chignik rivers, the largest and 
most utilized stocks in the Kodiak Management Area.  This report presents data collected in 1995 and 1996.  We 
censused inriver returns of chinook salmon to the three rivers by counting fish passing weirs on the rivers.  Age and 
sex compositions of the Karluk and Ayakulik inriver returns were estimated by sampling chinook salmon at the 
weirs.  Age and sex composition of the Chignik inriver return was estimated by sampling the commercial harvest in 
Chignik Lagoon.  Sport fishing effort, and catch and harvest of chinook salmon for the Karluk and Ayakulik rivers 
were estimated through the Statewide Harvest Survey.  Sport harvests from the Karluk and Ayakulik rivers were 
sampled to estimate sex composition of the harvests.  Spawning escapements to the Karluk and Ayakulik rivers were 
estimated by subtracting sport harvest from inriver return because most harvest at these rivers occurs above the 
weirs.  Estimates of sport harvest are not available for the Chignik River because of insufficient returns of 
questionnaires to the Statewide Harvest Survey. 

In 1995, the inriver return to the Karluk River was 12,657 chinook salmon.  Ages 1.4 and 1.3 comprised 72% of the 
inriver return; the male/female sex ratio was 1.5:1.0.  An estimated 1,284 chinook salmon were harvested (586 males 
and 698 females) and 2,613 were released in the sport fishery; sport fishing effort for the entire year and all species 
was an estimated 6,928 angler-days.  Spawning escapement was 11,373 chinook salmon. 

The 1996 inriver return to the Karluk River was 10,051 chinook salmon.  Ages 1.4 and 1.3 comprised 64% of the 
inriver return; the male/female sex ratio was 1.7:1.0.  An estimated 769 chinook salmon were harvested out of a total 
catch of 2,382 chinook salmon.  Sport fishing effort was 6,237 angler-days.  Spawning escapement was 9,282 
chinook salmon. 

In 1995, the inriver return to the Ayakulik River was 17,701 chinook salmon, mostly age 1.4 (60%).  The 
male/female sex ratio was 1.7:1.0.  Sport anglers harvested an estimated 200 chinook salmon (104 males and 96 
females), releasing 883, and expending 1,299 angler-days over the entire year and all species.  Spawning escapement 
was 17,501 chinook salmon. 

The 1996 inriver return to the Ayakulik River was 10,344 chinook salmon, predominantly ages 1.4 (39%), 1.3 
(24%), and 1.2 (25%).  The male/female sex ratio was 1.7:1.0.  Anglers harvested 203 chinook salmon out of a total 
catch of 794 fish.  Sport fishing effort was 2,038 angler-days.  Spawning escapement was 10,141 chinook salmon. 

In 1995, 3,219 chinook salmon were harvested in the commercial purse seine fishery in Chignik Lagoon; 1,579 
chinook salmon in 1996.  The inriver return to the Chignik River was 4,288 chinook salmon in 1995, and 3,485 
chinook salmon in 1996.  In 1995, most chinook salmon were ages 1.2, 1.3, and 1.4; in 1996, ages 1.3, 1.4 and 1.5.  
The male/female sex ratio was 1.0:1.0 in 1995, and 0.7:1.0 in 1996. 

Key words: Chinook salmon, Oncorhynchus tshawytscha, escapement, Karluk River, Ayakulik River, Chignik 
Lagoon, Chignik River, age, length, sex compositions, sport harvest and release, sport effort. 

INTRODUCTION 
The largest chinook salmon Oncorhynchus tshawytscha populations in the Kodiak Management 
Area (the Kodiak Island Archipelago, Alaska Peninsula waters west of Cape Douglas on the 
Pacific side and Cape Menshikof on the Bering side, and the Aleutian Islands) are from the 
Karluk, Ayakulik (Red), and Chignik rivers.  All three populations are harvested incidentally by 
commercial fisheries targeting sockeye salmon O. nerka and also support sport fisheries.  
Chinook salmon in the Karluk and Chignik rivers are also harvested in a subsistence fishery.  
Because these chinook salmon returns are harvested in commercial and sport fisheries, it is 
essential that escapement goals be established that will result in optimum returns and harvests.  
The purpose of this study is to enumerate, and estimate the age and sex composition of, the 
inriver returns; estimate the sex composition of the sport harvest; and estimate spawning 
escapement to these rivers.  These data are needed to construct brood tables that will be used to 
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refine escapement goals and harvest guidelines for management of these chinook salmon 
fisheries. 

THE KARLUK RIVER 
The Karluk River, located on the southwest end of Kodiak Island (Figure 1), contains one of only 
two native populations of chinook salmon on Kodiak Island.  From its source at the outlet of 
Karluk Lake, the Karluk River flows 35.2 km (22 mi) to its terminus at Karluk Lagoon.  Virtually 
all the land surrounding the Karluk River is owned by native corporations.  Chinook salmon of 
Karluk River origin are harvested in sport, commercial, and subsistence fisheries. 

The primary commercial harvest of Karluk River chinook salmon occurs in a mixed-stock fishery 
along the west side of Kodiak Island (Appendix A1).  Chinook salmon harvested in the 
commercial fishery include the Karluk River stock, as well as the Ayakulik River stock and other 
stocks of unknown origin.  This fishery usually begins on 9 June.  Because over 97% of the 
escapement to the Karluk River generally occurs by 15 July, this stock is considered to be 
commercially exploited from 9 June through 15 July.  The Commercial Fisheries Management 
and Development Division (CFMD) of the Alaska Department of Fish and Game (ADF&G) 
documents commercial harvests of chinook salmon through fish ticket reports returned by fish 
processors. 

The subsistence harvest of chinook salmon on the Karluk River is primarily conducted by 
residents of Karluk Village.  Harvest in this fishery is documented by returned subsistence 
permits and household surveys.  During complete village surveys conducted in 1987, 1989 and 
1990, harvests ranged from 34 to 232 chinook salmon (Table 1). 

The Karluk River sport fishery is spread out over the entire river and lagoon system.  Anglers 
fishing the Karluk River typically gain access to the river in one of three fashions.  Anglers fly 
into the village of Karluk via either float or wheel plane and fish Karluk Lagoon and the lower 
Karluk River.  Others fly into Karluk Lake and float the Karluk River downstream either to the 
reach near the Portage where it is possible to land a float plane or all the way downstream to 
Karluk Lagoon.  Finally, access may be gained by flying into the Portage reach via float plane.  
Anglers accessing the river in this manner either fish just this reach or float down to the Lagoon. 

Sport fishing effort on the Karluk River doubled from the late 1980s to the early 1990s.  Harvest 
of chinook salmon also has generally increased along with angling effort, but has been fairly 
stable since 1990 (Mills 1988-1994; Howe et al. 1995-1997) (Table 1, Figure 2).  Sport harvest 
of chinook salmon and fishing effort on the Karluk River are estimated by the Statewide Harvest 
Survey (SWHS) (Mills 1988-1994; Howe et al. 1995-1997), although we conducted creel surveys 
at the Karluk River in 1993 and 1994 (Schwarz 1996).  Estimates of fishing effort from the 
SWHS are for effort directed toward all species, not chinook salmon alone; however, the chinook 
salmon fishery is the major sport fishery on the Karluk River. 

CFMD operates a weir on the Karluk River located about 400 m upriver of Karluk Lagoon.  Over 
the past 10 years (1987-1996), counts of chinook salmon migrating through the weir ranged from 
7,930 to 14,442 chinook salmon (Table 1, Figure 2, Appendix B1).  Returns of chinook salmon 
to the Karluk River greatly increased starting in 1988.  Weir counts averaged 11,852 chinook 
salmon from 1987 through 1996, compared to an average weir count of 4,019 chinook salmon 
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Figure 2.-Inriver return, sport harvest, and spawning escapement of 
chinook salmon, and sport fishing effort (angler-days) directed toward all 
species, at the Karluk River, 1987-1996. 

for 1964- 1986. These record inriver returns, increasing interest in chinook salmon fishing, and 
poor chinook salmon returns in other areas of the state contributed to an increase in sport fishing 
effort on the Karluk River. 

ADF&G has set a minimum biological escapement goal of 4,500 spawning chinook salmon in 
the Karluk River. The sport fishery is allowed to proceed without restriction (other than the 
normal regulatory bag limits) if it appears that the final weir count will reach 6,000 fish. This 
management approach assumes that the sport fishery harvest above the weir (including hook-and- 
release mortality) is approximately 1,500 fish, leaving 4,500 fish to spawn. These goals were set 
qualitatively based on average historical escapements that were continuing to provide harvestable 
surpluses. 

THE AYAKULIK RIVER 
The Ayakulik River, located about 25 miles south of the Karluk River (Figure l), contains the 
only other native population of chinook salmon on Kodiak Island. Most of the land surrounding 
the Ayakulik River is within the Kodiak National Wildlife Refuge. Chinook salmon of Ayakulik 
River origin are harvested in the mixed-stock commercial fishery along the west side of Kodiak 
Island, along with Karluk River stocks (Table 2). Subsistence harvests did not occur in the 
Ayakulik River from 1985 to 1996. 
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Table 2.-Total commercial harvest of chinook salmon from the west side of Kodiak 
Island, and sport harvest from the Ayakulik River, along with inriver returns, 1987- 
1996. 

Total West 

Side Sport Fishery' 
Kodiak Effort 

Commercial Inriver angler- 

Year Harvesta Returnb Harvest Release davs)d 

a 

b 

C 

d 

e 

f 

g 

I1 

I 

1987 1,554 15,636 126 638 

1988 4,794 21,370 600 377 

1990 6,533 11,251 252 2,109 759 

1989 0 15,432 390 1,135 

1991 6,060 12,988 563 2,191 1,780 
1992 8,677 9,135 776 3,199 3,340 
1993 1 1,675 7,819 1,004 4,422 4,566 

1995 7,023 17,701 200 883 1,299 
1996 9,332 10,344 203 59 1 2,038 

1994 9,967 9,138 948 1,020 5,473 

Mean 7,291 ' 13,081 506 2,059 2,141 

Source: Commercial catch numbers extracted from ADF&G, CFMD Statewide Harvest 
Receipt (fish ticket) database. Includes harvest of Karluk and Ayakulik stocks, as well 
as other stocks of unknown origin. There was no commercial harvest in 1989 due to the 
Exxon Valdez oil spill. 
Brodie 1996. Census of chinook salmon passing Ayakulik River weir. 
Source: Mills 1988-1994; Howe et al. 1995-1997. 

Includes effort directed toward all species, not chinook salmon alone. 

Estimates are based on fewer than 12 returned surveys and are, therefore, extremely 
imprecise. 
Includes 219 chinook salmon harvested from the Ayakulik River that were coded to the 
wrong site number and therefore not included in the postal survey report (Mills 1991). 
Includes catch of 1,388 chinook salmon from the Ayakulik River that were coded to the 
wrong site number and therefore not included in the postal survey report (Mills 1991). 
Includes 420 days of effort from the Ayakulik River that were coded to the wrong site 
number and therefore not included in the postal survey report (Mills 199 1). 
This average does not include the zero catch in 1989 due to the Exxon Valdez oil spill. 
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Chinook salmon are also harvested in sport fisheries on the Ayakulik River. Sport anglers 
typically gain access to the Ayakulik River fishery by float plane. The major access location on 
the upper Ayakulik River is at the confluence of the Ayakulik River and Bare Creek. Anglers 
either fish and camp at the landing sites or raft downstream and fish along the way. Wheel 
planes can land on the beach near the river mouth to pick up rafters. There is a lodge near the 
mouth of the river where anglers often stay for extended visits. 

Sport harvest of chinook salmon from the Ayakulik River increased dramatically in 1991 through 
1994, averaging over 800 chinook salmon during these 4 years (Table 2, Figure 3). Sport fishing 
effort for all species at the Ayakulik River tripled from 1,780 angler-days in 1991 to 5,473 
angler-days in 1994 (Table 2, Figure 3). 

CFMD operates a weir near the mouth of the Ayakulik River. Record inriver returns of chinook 
salmon occurred from 1987 through 1996 in the Ayakulik River (Schwarz 1994, Brodie 1996) 
(Table 2, Figure 3, Appendix Cl).  The average inriver return was about 13,000 chinook salmon 
during these record years, compared to the previous 10-year average of 7,000 (1977-1986) 
(Brodie 1996). The 1995 inriver return of 17,701 chinook salmon was the second highest on 
record. 
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Figure 3.-Inriver return, sport harvest, and spawning escapement of 
chinook salmon, and sport fishing effort (angler-days) directed toward all 
species, at the Ayakulik River, 1987-1996. 
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ADF&G has set a minimum biological escapement goal of 6,000 spawning chinook salmon in 
the Ayakulik River. Similar to management of the Karluk River, the sport fishery is allowed to 
proceed under the normal regulatory restrictions if it appears at least 7,500 chinook salmon will 
be counted through the weir. This management approach assumes that harvest above the weir 
(including hook-and-release mortality) is approximately 1,000 fish. As with the Karluk River, 
these goals were set qualitatively based on average historical escapements that were continuing 
to provide harvestable surpluses. 

In addition to annual weir counts, the United States Fish and Wildlife Service (USFWS) 
conducted a spawning habitat study of the Ayakulik River in 1989 (Handler and Chatto 
Unpublished). They estimated that the available spawning habitat could accommodate 5,2 13 
spawning beds for chinook salmon. If jacks are not included, and a sex ratio of 1 : 1 is observed, 
then 10,426 adult chinook salmon could utilize the available spawning habitat. This study did 
not evaluate the amount of available rearing habitat, an essential parameter in determining 
spawning goals. 

THE CHIGNIK RIVER 
The Chignik River, remotely located on the Alaska Peninsula near the village of Chignik (Figure 
4), is the largest chinook salmon-producing system on the south side of the Alaska Peninsula. 
Sport, commercial and subsistence fisheries harvest chinook salmon of Chignik River origin. 
Sport harvests of Chignik River chinook salmon have been relatively low compared to Karluk 
and Ayakulik rivers (Schwarz 1990), however there has been concern that in years of weak 
returns adequate escapements might not be achieved. 

Chinook salmon bound for the Chignik River are harvested incidentally in the Chignik 
commercial sockeye salmon fishery, particularly in Chignik Lagoon. Peak chinook salmon 
harvests usually occur in July. Commercial harvests within Chignik Lagoon ranged from 1,579 
to 5,240 chinook salmon, averaging 3,054 from 1987 to 1996 (Table 3). 

Chignik River chinook salmon are also harvested in a subsistence fishery. Estimated subsistence 
harvest for the Chignik Management Area ranged from 9 to 165 chinook salmon from 1987-1994 
(Owen In prep). 

The sport fishery for chinook salmon primarily occurs in the 2 mile reach between the weir and 
the outlet of Chignik Lake. Creel surveys were conducted by the Division of Sport Fish in 1988 
and 1989, with estimated harvests of 233 and 181 chinook salmon, respectively (Figure 5 ;  
Schwarz 1990). Sample sizes for the SWHS have been too small to estimate effort, harvest, and 
catch for the Chignik River. 

CFMD operates a weir on the Chignik River located midway between Chignik Lagoon and 
Chignik Lake (Appendix Dl). Until 1993, chinook salmon were visually counted through the 
weir during scheduled 1 0-minute counting periods. These counts were expanded to include time 
when counts did not take place. In 1993, chinook salmon were counted for the first 30 minutes 
of daily weir operation, and for 10 minutes during each hour thereafter (Owen 1993). Also until 
1994, weir counts of chinook salmon did not include fish less than approximately 650 mm mid- 
eye to fork length (those which had spent only 1 or 2 years at sea). Chinook salmon less than 
650 mm were counted as sockeye salmon due to similarity in length. Counts of chinook salmon 

8 



-- 

Figure 4.-Map of Chignik River on the Alaska Peninsula. 

were expanded to include small fish based on estimates of the actual age composition of the run. 
Starting in 1994 an underwater video camera was used to count fish, so all chinook salmon, 
regardless of size and time of passage, were counted. Between 1987 and 1996, estimates of 
immigrating chinook salmon (including small fish) ranged from 2,337 to 6,123 chinook salmon, 
averaging 4,271 (Table 3). 

In 1993 a Ricker recruitment curve (Ricker 1975) was constructed using the very limited data 
that were available to provide the Board of Fisheries information needed to respond to a public 
proposal to lower the sport fishing bag limit from three chinook salmon per day to two per year. 
The Ricker curve estimated maximum sustained yield at an escapement level of 3,000 fish. A 
minimum escapement level of 1,750 was selected because this level of escapement would still 
provide a large harvestable surplus, while allowing a fishery to proceed during lower escapement 
years. The following year, weir staff recognized an error in the methodology used to estimate 
escapements through the weir (Owen 1993). Owen (1 993) calculated an 18% overestimation of 
inriver return. Because of this error, the escapement goal range of 1,750-3,000 was lowered by 
18%. The current minimum escapement goal for the Chignik River is 1,435 chinook salmon. 
The sport fishery is managed so that a minimum of 1,435 chinook salmon will be allowed to 
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Table 3.-Commercial, subsistence, and sport harvest of Chignik River 
chinook salmon, along with inriver returns, 1987-1996. 

Total Chignik Chignik Lagoon 
Area Commercial Commercial Inriver Subsistence Sport 

Year Harvesta Harvestb Return' Harvest Harveste 
1987 2,65 1 1,93 1 3,301 10 
1988 7,296 4,33 1 6,123 9 233 
1989 3,545 3,532 4,171 11 181 
1990 9,90 1 3,719 5,489 147 
1991 3,288 1,996 5,716 42 

1993 19,515 5,240 2,337 115 
1994 3,919 1,808 3,016 165 
1995 5,493 3,219 4,288 
1996 3,105 1,579 3,485 

1992 11,381 3,181 4,787 55 

Mean 7,009 3,054 4.271 69 207 

a Harvest from the entire Chignik Management Area (between Kilokak Rocks and 
Kupreanof Point on the Alaska Peninsula). Source: Owen (In prep). 

Commercial harvest for the entire season. Source: Owen (In prep). 

' For 1987- 1992 these are estimated returns based on expanded 10 minute per hour 
counts. In 1993 estimated returns were based on 30-minute counts during the first 
hour of daily operation and 1 0-minute counts made each following hour, all counts 
expanded to include time not counted (Owen 1993). One- and 2-ocean-year fish 
were not counted at the weir for 1985-1993 due to their small size. Estimates of 
the proportion of 1- and 2-ocean fish were used to expand the weir estimates to 
yield the numbers shown above. The 1986 and 1993 estimates were adjusted by 
the actual percent of 1 - and 2-ocean fish found in the commercial purse seine catch 
(7.3% for 1986; and 8.1% for the early run, 26.8% for the late run in 1993). 
Estimates for other years prior to 1994 were adjusted by 20.5%. In 1994 a video 
camera was installed to continuously count all fish passing the weir (including 1- 
and 2- ocean chinook salmon). 
Source: Owen (Inprep). 

Sport harvest was estimated by creel survey in 1988 and 1989 only (Schwarz 
1990). 

10 



spawn. The Chignik River chinook salmon escapement goal will benefit greatly from 
refinements that can be made by developing brood tables based on accurate age class 
classification of the return data. 

STUDY OBJECTIVES 
In June 1993, ADF&G initiated this study to estimate sport fishing effort, harvest and catch, and 
age and sex compositions of the chinook salmon populations of the Karluk, Ayakulik, and 
Chignik rivers. This report presents results from 1995 and 1996. USFWS cooperated on the 
study in 1993 and 1994 by conducting a creel census on the Ayakulik River. 

CFMD operates weirs on the Karluk, Ayakulik, and Chignik rivers. Their counts of chinook 
salmon passing through these weirs were an essential component of this study. 

USFWS terminated their creel project after the 1994 season and documentation of total effort, 
catch, and harvest are now available only from the SWHS. However, ADF&G personnel located 
at the Karluk and Ayakulik weirs census all anglers who raft past the weirs. These censuses only 
document a portion of effort, catch, and harvest but provide inseason indices for managers. 
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Figure 5.-Inriver return, sport harvest, and spawning escapement of chinook 
salmon at the Chignik River, 1987-1996. 
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The objectives of this study for the Karluk and Ayakulik rivers were to: 

1. Enumerate the number of chinook salmon migrating upstream through the Karluk and 

2. Census the fishing effort of anglers who walk or raft downstream past the weirs on the Karluk 

3. Census the harvest and catch of chinook salmon by anglers who walk or raft downstream past 

4. Estimate the age and sex composition of the inriver return of chinook salmon through the weir 

5.  Estimate the sex and length composition of chinook salmon harvested by anglers who walk or 

Objectives for the Chignik River portion of the study were to: 

6. Estimate the age and sex composition of the commercial harvest of chinook salmon in the 

Ayakulik weirs; 

and Ayakulik rivers from 1 June to 10 July; 

the weir on the Karluk and Ayakulik rivers from 1 June to 10 July; 

on the Karluk and Ayakulik rivers in two 3-week time strata; and 

raft downstream past the weir on the Karluk and Ayakulik rivers. 

Chignik River Lagoon in two 2-week time strata during July. 

METHODS 
DATA COLLECTION 
Inriver Return 
Daily counts by species of fish passing the weir were conducted at the weirs on the Karluk, 
Ayakulik, and Chignik rivers by CFMD staff as outlined in their Divisional Operational Plan for 
weir operation. 

Age and Sex Composition of Inriver Return 
During 1995 and 1996, the inriver returns of chinook salmon to the Karluk and Ayakulik rivers 
were sampled at weir traps. Sampling was stratified into two 3-week intervals at each system. 
Sampling goals were established at 150 fish for 1-20 June and 150 fish for 21 June-10 July. At 
least 50 fish were to be sampled each week. In 1995, the 50 sampled fish were obtained by 
sampling 10 fish per day for 5 days. In 1996, on 1 or 2 days each week, all chinook salmon 
passing the weir were stopped in the weir trap and sampled for length, sex, and age until the goal 
of 50 was met. The starting day for each sampling period was chosen randomly. Neither 
sampling strategy proved to be more effective than the other. However, other weir operations, 
such as counting fish, were less affected if chinook salmon were sampled only 1 or 2 days each 
week. 

At the Chignik River a weir trap is not available so the commercial purse seine harvest from 
inside Chignik Lagoon was sampled. Purse seine gear is fairly nonselective with regard to size, 
so samples from the purse seine harvest in this terminal fishery were assumed to be indicative of 
the Chignik River escapement. Sampling was stratified into two 2-week intervals (1 July-1 5 July 
and 16 July-3 1 July) with sample goals of 150 fish from each interval. 

Length from mid-eye to fork-of-tail was recorded to the nearest millimeter. Sex was identified 
based on external characteristics. Three scales were removed from each chinook salmon from 
the left side of the body, at a point on a diagonal line from the posterior insertion of the dorsal fin 
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to the anterior insertion of the anal fin, two rows above the lateral line (Welander 1940). Scales 
were mounted on a gum card. If the preferred scales could not be obtained, scales were taken 
from as close to the preferred scales as possible. However, scales were only taken from the area 
bounded dorsally by the fourth row of scales above the lateral line, ventrally by the lateral line, 
and between lines drawn vertically from the posterior insertion of the dorsal fin and the anterior 
insertion of the anal fin. If no scales were available in the preferred area on the left side of the 
fish, scales were collected from the preferred area on the right side of the fish. Ages of sampled 
chinook salmon were determined from scales using criteria described in Mosher (1 969). 

Sport Harvest and Effort at the Weirs 
In 1995 and 1996, technicians were stationed at the Karluk and Ayakulik weirs, one at each weir. 
Technicians interviewed each angler in each raft party separately (not just a party interview for 
the entire raft) as they passed through the weir. Technicians collected the following information: 

1. Number of days fished. 

2. Number of chinook and sockeye salmon, steelhead, and Dolly Varden kept. 

3 .  Number of chinook and sockeye salmon, steelhead, and Dolly Varden released. 

4. Type of resident: 

a. Non-resident of the State of Alaska. 

b. Alaska resident living outside of Kodiak Island. 

c. Alaska resident living on Kodiak Island. 

5. Guided or unguided (guide present with anglers is necessary to be considered guided). 

Anglers who walked upriver past the weir were also to be interviewed as they returned. 

On the Ayakulik River, clients from a lodge located on the ocean beach walked upriver daily to 
fish. Lodge clients were not interviewed directly because they stayed for a full week, and 
interviewing the same 10-15 anglers each day might have annoyed them, compromising the 
quality of the data given the technician. The lodge manager had established relationships with 
the clients and easily interviewed the anglers at the end of each day. Allowing the manager to 
provide a daily summary of angling activity provided the most accurate and complete data 
possible. The daily summary included: 

1. Number of anglers who fished. 

2. Number by species of chinook and sockeye salmon, steelhead, and Dolly Varden kept by all 
lodge clients. 

3 .  Number by species of chinook and sockeye salmon, steelhead, and Dolly Varden released by 
all lodge clients. 

4. Residency: In the past, all clients were non-residents. The residency of each group was 
determined on the first day a group arrived. If residency was mixed for a group, Items 1, 2, 
and 3 were separated by residence. 
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Inseason data collected on the Karluk and Ayakulik rivers were used as an index of harvest. 
Total effort, and catch and harvest of chinook salmon at the Karluk, Ayakulik, and Chignik rivers 
were estimated by the SWHS. 

Sex Composition of the Sport Harvest 
The sport harvest of chinook salmon from the Karluk and Ayakulik rivers was sampled for sex 
and length at the weir. Our goal was to sample 12 chinook salmon per week that had not been 
filleted or headed. Data collection was as described above. This goal was not met on the Karluk 
River because the majority of rafters cleaned their fish before passing through the weir, as they 
generally have a pick-up time scheduled to coincide with their exiting the fishery. The goal was 
met on the Ayakulik River by sampling predominately fish caught by lodge clients. These fish 
were brought through the weir intact on their way to being processed at the lodge. All available 
chinook salmon harvested by rafters were sampled as well. We assumed that fish harvested by 
guided anglers were representative of all fish harvested on the Ayakulik River. 

The sport harvest of Chignik River chinook salmon was not sampled because estimates of sport 
effort, and catch and harvest of chinook salmon are not available from the SWHS. 

DATA ANALYSIS 
Inriver Return at the Karluk and Ayakulik Rivers 
The proportion of chinook salmon in agehex class j sampled from the inriver return at the Karluk 
and Ayakulik rivers during temporal stratum i and its variance was estimated as a binomial 
proportion (Cochran 1977) by: 

where: 

nij = the number of chinook salmon in age/sex class j during stratum i, 

n, = the total number of chinook salmon sampled during stratum i, and 

N, = the inriver return of chinook salmon counted during stratum i. 

The abundance of chinook salmon by agehex class was estimated as the product of the inriver 
return and the proportion: 

A N.. = N.".. 
1J lPlJ9 

and its variance estimated by: 

(3) 

Chi-square statistics were calculated to test the null hypothesis that the age/sex composition of 
the inriver return did not change between the early and late temporal strata shown below. 
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Location and Year Early Stratum Late Stratum 

Karluk River 1995 
Karluk River 1996 

15 May - 20 June 
24 May - 20 June 

2 1 June - 26 Sept 
2 1 June - 27 Sept 

Ayakulik River 1995 
Ayakulik River 1996 

27 May - 20 June 
24 May - 20 June 

21 June - 28 Aug 
2 1 June - 25 Aug 

Chignik River 1995 30 May - 7 July 8 July - 25 Aug 
Chignik River 1996 26 May - 7 July 8 July - 4 Sept 

If we failed to detect differences at a = 0.05 then the data were pooled across temporal strata. If 
differences existed then the proportions and number of chinook salmon migrating upstream 
through the weir were estimated separately for each stratum. The total number of chinook 
salmon of each agehex class, and their variances, were the sum of the stratum estimates. 

Sport Harvest and Spawning Escapement at the Karluk and Ayakulik Rivers 
Total sport harvest at the Karluk and Ayakulik rivers was estimated by the SWHS. Because 
nearly all of the harvest occurs upstream of the weir at the Karluk and Ayakulik rivers, spawning 
escapement was estimated by subtracting sport harvest from inriver return. The variance of the 
estimated spawning escapement was the same as the variance of the estimated sport harvest; the 
inriver return was a complete census and was estimated without sampling error. Estimates of 
sport harvest in the Chignik River are not available for 1995 and 1996. 

The proportion of chinook salmon harvested by anglers who moved downstream past the Karluk 
or Ayakulik weir that was of sex j, and its variance, was estimated using equations (1) and (2). 
The total number of chinook salmon of sex j harvested above the weir was estimated by: 

A A 

H j  = Hcj, 

and its variance estimated by (Goodman 1960): 

where: 

H and Var(H) = harvest and variance of harvest estimated from the SWHS, and 

f i j  and Var( fi j )  = proportion and variance of the proportion of chinook salmon of class j .  

We assumed that chinook salmon harvested by anglers censused at the weir were representative 
of the entire harvest upstream of the weir. In 1994 sex composition of the harvest at the Karluk 
River did not differ between anglers who moved past the weir and those exiting the fishery 
upstream of the weir at the Portage area (Schwarz 1996). Sex composition did differ at the 
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Ayakulik River between harvested chinook salmon sampled at the weir (34% females) and those 
sampled upstream of the weir at Bare Creek (60% females; Schwarz 1996). Therefore, our 1995 
and 1996 estimates of composition of the harvest at the Ayakulik River may be biased in favor of 
males. However, any resulting bias in sex composition of the spawning escapement would be 
very small, since harvest averages only 4% of the inriver return on the Ayakulik River. 

Because all anglers at the Karluk and Ayakulik rivers who moved downstream past the weirs 
were interviewed, angler interview data were summed to calculate effort, catch, and harvest at 
the weir. These statistics were used for inseason indices only to aid managers in deciding if 
inseason actions were necessary to meet escapement goals. 

Chignik River 
Fish ticket data from boats fishing in the Chignik River Lagoon and daily counts of chinook 
salmon through the weir on the Chignik River were considered complete censuses. The 
estimated proportion and number, and their respective variances, by agehex class, and the chi- 
square test to examine temporal differences, followed procedures outlined in the 
KarluMAyakulik section. We assumed age and sex compositions of the commercial harvest were 
equal to those of the inriver return. 

The proportion by agehex class from the commercial harvest data was also applied to the inriver 
return of the Chignik River. The number of chinook salmon in the inriver return by age/sex class 
and its variance were estimated using equations 5 and 6 .  

The total return of chinook salmon to the Chignik River was estimated by summing commercial 
harvest and inriver return. Age and sex composition of the total return was estimated using 
equations (1)-(4), based on fish sampled in the commercial harvest. 

RESULTS 
KARLUK RIVER IN 1995 
Inriver Return 
Inriver return to the Karluk River in 1995 was 12,657 chinook salmon. 

We determined ages for 242 of 298 chinook salmon sampled at the weir. As in past years, age 
composition differed significantly between time strata (ages 1.1 through 1.5 only; x2 = 26.6, df = 

4, P = 0.001). Therefore, estimates of return by age and sex were stratified by time stratum. Sex 
composition did not differ between time strata (x’ = 0.67, df = 1, P = 0.41). Females comprised 
primarily age-1.4 fish during both strata; whereas males comprised mostly age-1.3 and -1.4 fish 
during the first stratum, and age-1 . 1 through -1.4 fish during the second stratum (Appendices El  
and E2). 

Of the 12,657 chinook salmon in the inriver return, an estimated 7,426 (SE = 398) were age 1.4, 
1,723 (SE = 286) were age 1.3, and 1,652 (SE = 250) were age 1.2 (Table 4). An estimated 
7,588 (SE = 404) chinook salmon were males and 5,069 (SE = 404) were females (Table 4), for a 
sex ratio of males to females of 1.5: 1 .O. 

Mean length of females was 825 mm (SE = 4) during the first period and 810 mm (SE = 6) 
during the second period (Appendices El  and E2). Mean length of males was 786 mm (SE = 9) 
during the first period and 709 mm (SE = 15) during the second period (Appendices El and E2). 
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Total Effort, Catch and Harvest 
In 1995, anglers caught 3,897 (SE = 664) and harvested 1,284 (SE = 230) chinook salmon, 
expending 6,928 (SE = 998) angler-days on the Karluk River for all fish species (Howe et al. 
1996). 

We measured 46 chinook salmon harvested by anglers censused at the weir, including 25 female 
and 21 male chinook salmon. Therefore, the total harvest was estimated to include 698 females 
(SE = 156) and 586 males (SE = 141). Harvested females averaged 835 mm (SE = 11) and males 
averaged 777 mm (SE = 14). 

Spawning Escapement 
In 1995, spawning escapement to the Karluk River was estimated to be 11,373 (SE = 230) 
chinook salmon, of which 7,002 (SE = 428) were males and 4,371 (SE = 433) were females. 

Inseason Indices of Effort, Catch, and Harvest 
During the 1995 survey, we interviewed 380 anglers at the weir. These anglers harvested 492 
chinook salmon, released 2,411 chinook salmon (83% of those caught), and expended 1,677 
angler-days of effort (Table 5) .  

Anglers also caught sockeye salmon, steelhead and rainbow trout 0. mykiss, and Dolly Varden 
Salvelinus malma (Appendix Gl). Most anglers interviewed at the Karluk River were unguided 
and were nonresidents (Table 6). Very few anglers reported harvesting more than the possession 
limit of three fish during their trip (Table 7). 

KARLUK RIVER IN 1996 
Inriver Return 
Inriver return to the Karluk River in 1996 was 10,05 1 chinook salmon. 

We determined ages for 143 of 215 chinook salmon sampled at the Karluk River weir. As in 
past years, age composition differed significantly between time periods (before versus after 
21 June; ages 1.2 through 1.5 only; x2 = 11.4, df = 3, P = 0.009). Therefore, estimates were 
stratified by period. Sex composition did not differ between time periods (x’ = 2.95, df = 1, P = 

0.09). Females were composed primarily of age-1.4 fish during both periods, whereas males 
were composed mostly of age-1.3 and -1.4 fish during the first period, and of age-1.2 through 
-1.4 fish during the second period (Appendices E3 and E4). 

An estimated 4,308 (SE = 429) chinook salmon were age 1.4, 2,147 (SE = 356) were age 1.3, and 
1,648 (SE = 334) were age 1.2 (Table 4). An estimated 6,283 (SE = 420) were males and 3,768 
(SE = 420) were females (Table 4), for a male to female sex ratio of 1.7: 1 .O. 

Mean length of females was 828 mm (SE = 6) during the first period and 828 mm (SE = 8) 
during the second period. Mean length of males was 741 mm (SE = 12) during the first period 
and 689 mm (SE = 21) during the second period (Appendices E3 and E4). 

Total Effort, Catch and Harvest 
In 1996, anglers caught 2,382 (SE = 525) chinook salmon and harvested 769 (SE = 181) chinook 
salmon, expending 6,237 (SE = 1,033) angler-days on the Karluk River for all species (Howe et 
al. 1997). Twenty-six sport-harvested chinook salmon were measured at the weir, including 
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Table 5.-Comparison of harvest and release of chinook salmon estimated by the 
Statewide Harvest Survey, creel surveys, and censuses at the Karluk and Ayakulik 
rivers, 1991-1996. 

b Anglers Censused at Weir 
b 

SWHSa Creel Survey Number of Effort 
Year Harvest Release Harvest Release Anglers (angler-days) Harvest Release 

Karluk River 
1991 1,599 3,119 
1992 856 2,754 

162 
23 5 807 340 840 

1993 1,634 6,735 569 2,566 244 1,088 369 2,484 

1994 1,483 2,174 896 4,339 506 1,650 493 3,385 
1995 1,284 2,613 3 80 1,677 492 2,411 
1996 769 1,613 329 1,727 406 2,996 
AVG 1,27 1 3,168 732 3,453 309 1,390 420 2,423 

Ayakulik River 

1993 1,004 4,422 808 2,878 150 598 433 1,961 

1994 94 8 1,020 739 2,752 203 926 477 1,898 
1995 200 883 126 606 296 2,445 
1996 203 591 135 446 292 1,299 
AVG 589 1,729 774 2,8 15 154 644 375 1,901 

a Statewide Harvest Survey; Mills 1992-1994; Howe et al. 1995-1997. 
Schwarz 1996. 
Does not include anglers who exited at the Portage. 
Does not include anglers who fished downstream of the weir. 
Census by USFWS. 

15 males and 11 females. Total harvest was made up of 444 males (SE = 128) and 325 (SE = 

128) females. Harvested females averaged 833 (SE = 16) mm; males averaged 784 mm (SE = 

3 1). 

Spawning Escapement 
In 1996, spawning escapement to the Karluk River was an estimated 9,282 (SE = 181) chinook 
salmon, of which 5,839 (SE = 439) were males and 3,443 (SE = 439) were females). 

Inseason Indices of Effort, Catch, and Harvest 
At the weir in 1996, anglers harvested 406 chinook salmon and released 2,996 fish (88% of those 
caught). Anglers expended 1,727 angler-days of effort (Table 5). Anglers also caught sockeye 
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salmon, steelhead and rainbow trout, and Dolly Varden (Appendix Gl). Anglers tended to be 
unguided (64%) and nonresidents (79%) (Table 6). 

Very few anglers at the Karluk River reported harvesting more than the possession limit of three 
chinook salmon during their trip (Table 7). Fish that are frozen or consumed are not considered 
part of the angler’s possession limit, but freezers are not readily available on the Karluk River, so 
few anglers keep more than three fish. 

Table 6.-Effort, and harvest and release of chinook salmon by anglers censused at the 
Karluk River weir (by angler type and residency), 1995 and 1996. 

Angler Type Residency 
Guided Unguided Local Other AK Nonresident Total 

1995 
Number of Anglers 
Effort (Angler days) 
Harvest 
Release 

1996 
Number of Anglers 
Effort (Angler days) 
Harvest 
Release 

133 
3 66 
129 
473 

117 
677 
160 

1,137 

247 17 
1,311 74 

363 41 
1,938 78 

212 22 
1,042 81 

245 40 
1,854 152 

26 
126 
25 

143 

46 
162 
43 

147 

334 3 80 
1,465 1,677 

424 492 
2,125 2,411 

260 330 
1,475 1,727 

3 22 406 
2,672 2,996 

AYAKULIK RIVER IN 1995 
Inriver Return 
Inriver return to the Ayakulik River in 1995 was 17,701 chinook salmon. 

We determined ages for 21 1 of 292 chinook salmon sampled at the weir. Estimates of return by 
age were stratified by time period because, as in past years, age composition differed 
significantly between time periods (before vs. after June 20; ages 1.1 through 1.5 only; x2 = 16.4, 
df = 4, P = 0.002), although sex composition did not differ between time periods (x’ = 0.94, df = 

1, P = 0.33). Females comprised primarily age-1.4 fish during both periods, whereas males 
comprised mostly age-1.4 fish during the first period, and age-1 . 1 through -1.4 fish during the 
second period (Appendices F 1 and F2). 

An estimated 10,633 (SE = 590) chinook salmon in the inriver return were age 1.4, 2,481 (SE = 

402) were age 1.2, and 2,151 (SE = 406) were age 1.3 (Table 8). An estimated 11,157 (SE = 

594) chinook salmon were males and 6,544 (SE = 594) were females (Table 8), for a sex ratio of 
males to females of 1.7: 1 .O. 

Mean length of females was 826 mm (SE = 5) during the first period and 829 mm (SE = 9) 
during the second period (Appendices F1 and F2). Mean length of males was 782 mm (SE = 16) 
during the first period and 695 mm (SE = 19) during the second period (Appendices F1 and F2). 
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Mean length of all fish during the early stratum was 800 mm (SE = 9); during the late stratum 
mean length was 743 mm (SE = 14) (Appendices F1 and F2). 

Total Effort, Catch and Harvest 
In 1995, anglers expended 1,299 (SE = 343) angler-days on the Ayakulik River for all fish 
species, catching 1,083 (SE = 423) chinook salmon and harvesting 200 (SE = 89) chinook 
salmon (Howe et al. 1996). 

Of 54 chinook salmon harvested by anglers passing the weir, 26 were females and 28 were 
males. Therefore, the total harvest was estimated to include 96 females (SE = 44) and 104 males 
(SE = 48). Harvested females averaged 838 (SE = 6) mm, and males averaged 811 (SE = 21) 
mm in length. 

Table 7.-Distribution of harvest for anglers censused at the Karluk River weir, 
1995 and 1996. 

Number of Chinook Salmon Kept During Trip 
0 1 2 3 4 5 6 >6 Anglers 

Total 

1995 
Guided Anglers 

Number 46 52 28 7 0 0 0 0 133 
Percent 35 39 21 5 0 0 0 0 

Unguided Anglers 
Number 70 46 103 19 5 1 0 3 247 
Percent 28 19 42 8 2 0 0 1 

Total at Weir 
Number 116 98 131 26 5 1 0 3 380 
Percent 31 26 34 7 1 0 0 1 

1996 
Guided Anglers 

Number 31 27 48 7 4 0 0 0 117 
Percent 26 23 41 6 3 0 0 0 

Unguided Anglers 
Number 75 63 63 6 0 0 1 4 212 
Percent 35 30 30 3 0 0 0 2 

Total at Weir 
Number 106 91 111 13 4 0 1 4 330 
Percent 32 28 34 4 1 0 0 1 
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Spawning Escapement 
In 1995, spawning escapement to the Ayakulik River was 17,501 (SE = 89) chinook salmon, of 
which 11,053 (SE = 596) were males and 6,448 (SE = 596) were females. 

Inseason Indices of Effort, Catch, and Harvest 
In 1995, anglers interviewed at the weir harvested 296 and released 2,445 chinook salmon, a 
release rate of 89% (Table 5). Anglers expended 606 angler-days of effort. These anglers tended 
to be unguided nonresidents (Table 9). These estimates are not comparable to the 1993 and 1994 
surveys, which documented the entire catch for the river, because 1995 data do not include 
anglers exiting the fishery at Bare Creek. 

In 1995, 40% of guided anglers harvested more than three chinook salmon (Table 10). More 
than three fish can be legally harvested if they are less than 20 inches in length, or if the fish are 
frozen or consumed (and therefore no longer in possession). Freezers are present at the lodge 
located at the river mouth, making it possible for anglers at the Ayakulik to increase their 
harvest. In addition to chinook salmon, anglers caught sockeye salmon, steelhead and rainbow 
trout, and Dolly Varden (Appendix G2). 

AYAKULIK RIVER IN 1996 
In river Return 
Inriver return to the Ayakulik River in 1996 was 10,344 chinook salmon. 

Age was determined for 191 of 300 chinook salmon at the Ayakulik River weir. Age 
composition did not differ significantly between time periods (before vs. after June 20; ages 1.1 
through 1.5 only; x2 = 6.4, df = 4, P = 0.169), but sex composition did differ between time 
periods (x’ = 8.27, df = 1, P = 0.004). Therefore, estimates of return by sex and age were 
stratified by time period. During both periods, females were composed primarily of age- 1.4 fish, 
and males were composed of ages-1.2 through -1.4 fish (Appendices F3 and F4). 

Table 9.-Effort, and harvest and release of chinook salmon, by sport anglers censused 
at the Ayakulik River weir (by angler type and residency), 1995 and 1996. 

Angler Type Residency 
Guided Unguided Local Other AK Nonresident Total 

1995 
Number of Anglers 35 91 26 21 78 126 
Effort (Angler days) 23 5 371 68 54 483 606 
Harvest 179 117 35 20 24 1 296 
Release 1,545 900 157 200 2,088 2,445 

1996 
Number of Anglers 34 101 34 35 66 136 
Effort (Angler days) 290 156 56 58 332 446 
Harvest 23 8 54 17 26 249 292 
Release 1,202 97 5 8 1,294 1,299 
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Table 10.-Distribution of harvest of chinook salmon for anglers censused at the 
Ayakulik River weir, 1995 and 1996. 

Number of Chinook Salmon Kept During Trip 
Total 

0 1 2 3 4 5 6 >6 Anglers 
1995 

Guided Anglers 
Number 
Percent 

Number 
Percent 

Number 
Percent 

Unguided Anglers 

Total at Weir 

1996 
Guided Anglers 

Number 
Percent 

Number 
Percent 

Number 
Percent 

Unguided Anglers 

Total at Weir 

13 
37 

27 
30 

40 
32 

9 
26 

70 
69 

80 
59 

5 
14 

22 
24 

27 
21 

0 
0 

9 
9 

9 
7 

3 
9 

31 
34 

34 
27 

2 
6 

21 
21 

23 
17 

0 
0 

11 
12 

11 
9 

0 
0 

1 
1 

1 
1 

1 
3 

0 
0 

1 
1 

1 
3 

0 
0 

1 
1 

1 
3 

0 
0 

1 
1 

0 
0 

0 
0 

0 
0 

1 
3 

0 
0 

1 
1 

1 
3 

0 
0 

1 
1 

11 
31 

0 
0 

11 
9 

21 
62 

0 
0 

21 
15 

35 

91 

126 

34 

101 

136 

An estimated 3,996 (SE = 385) chinook salmon of the inriver return were age 1.4, 2,576 (SE = 

332) were age 1.2, and 2,464 (SE = 330) were age 1.3 (Table 8). An estimated 6,497 (SE = 381) 
chinook salmon were males and 3,847 (SE = 381) were females (Table 8), for a sex ratio of 
males to females of 1.7: 1 .O. 

Mean length of females was 803 mm (SE = 7) during the first period and 826 mm (SE = 9) 
during the second period (Appendices F3 and F4). Mean length of males was 698 mm (SE = 17) 
during the first period and 682 mm (SE = 15) during the second period (Appendices F3 and F4). 

Total Effort, Catch and Harvest 
Anglers harvested 203 (SE = 84) chinook salmon, out of a total catch of 794 (SE = 304) chinook 
salmon at the Ayakulik River in 1996; sport fishing effort was 2,038 (SE = 468) angler-days 
(Howe et al. 1997). We measured 80 chinook salmon harvested by anglers passing the weir, 
including 52 male and 28 female chinook salmon. Total harvest was estimated to include 132 
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(SE = 55)  males and 71 (SE = 55) females. Harvested males averaged 855 mm (SE = 15), 
females 848 mm (SE = 11). 

Spawning Escapement 
In 1996, spawning escapement to the Ayakulik River was 10,141 (SE = 84) chinook salmon. Of 
those, 6,365 (SE = 385) were males and 3,776 (SE = 385) were females. 

Inseason Indices of Effort, Catch, and Harvest 
In 1996, anglers passing the Ayakulik River weir and those at the lodge harvested 292 and 
released 1,299 chinook salmon (Table 5).  These anglers expended 446 angler-days of effort. As 
in 1995, anglers passing the weir in 1996 tended to be unguided nonresidents (Table 9). In 
addition to chinook salmon, anglers caught sockeye salmon, steelhead and rainbow trout, and 
Dolly Varden (Appendix G2). In 1996, 68% of guided anglers harvested more than three 
chinook salmon (Table 10). 

CHIGNIK RIVER IN 1995 
Commercial fisheries in Chignik Lagoon harvested 3,219 chinook salmon in 1995. The inriver 
return was 4,288 chinook salmon. Therefore, total return was 7,507 chinook salmon. Sport 
harvest is unavailable from the SWHS, so we could not calculate spawning escapement. 

Age and sex were determined for 332 of 365 chinook salmon sampled from the Chignik Lagoon 
commercial fishery, which we assumed to be representative of the inriver escapement. Age 
composition did not differ between fish sampled before versus after 7 July (ages 1.1 through 1.5 
only, x2 = 6.31, df = 4, P = 0.177), and sex composition did not differ between time periods (x’ = 

0.01, df = 1, P = 0.93). Therefore the return was not stratified by time. Females comprised 
primarily age-1.4 fish; males age-1.2, -1.3, and -1.4 fish (Table 11). Mean length was 883 mm (SE 
= 5) for females and 819 mm (SE = 12) for males. 

The total return comprised an estimated 4,726 (SE = 195) age-1.4, 1,063 (SE = 141) age-1.3, and 
904 (SE = 131) age-1.2 chinook salmon. Returning fish consisted of 3,799 (SE = 202) females 
and 3,708 (SE = 202) males, for a male to female sex ratio of 0.97:l.O (Table 11). 

CHIGNIK RIVER IN 1996 
Commercial fisheries harvested 1,579 chinook salmon in Chignik Lagoon in 1996. Inriver return 
was 3,485 chinook salmon. Therefore, total return was 5,064 chinook salmon. Sport harvest is 
unavailable from the SWHS, so we could not calculate spawning escapement. 

Age and sex were determined for 105 of 136 chinook salmon sampled from the Chignik Lagoon 
commercial fishery. Age composition did not differ between fish sampled before versus after 
7 July (ages 1.2 through 1.5 only, x2 = 0.87, df = 3, P = 0.833). Neither did sex composition 
differ between time periods (x2  = 0.05, df = 1, P = 0.82). Therefore the return was not stratified 
by time period. An estimated 2,653 (SE = 295) chinook salmon of the total return were age 1.4, 
1,254 (SE = 212) were age 1.3, and 434 (SE = 212) were age 1.2. Both females and males were 
composed primarily of age-1.3 and -1.4 fish (Table 12). Mean length was 862 mm (SE = 8) for 
females and 836 mm (SE = 22) for males. Returning fish consisted of 2,990 (SE = 242) females 
and 2,074 (SE = 242) males, for a male to female sex ratio of 0.7: 1 .O (Table 12). 
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DISCUSSION 
The primary objective of this project is to estimate the age and sex composition of the chinook 
salmon returns to the Karluk, Ayakulik, and Chignik rivers, so that we can refine escapement 
goals through the construction of brood tables. Brood table construction has begun for the 
Karluk and Ayakulik rivers, Tables 13 and 14, respectively. These tables, which will be updated 
each year, will eventually show the total return by age class for each respective brood year. To 
accomplish this goal, we need to sample age and sex of chinook salmon returning to each river 
and estimate the number of spawners in each river each year. 

Weir counts on the Karluk and Ayakulik rivers are obtained by visually counting all fish, and 
represent the actual number of fish which migrated upstream, unlike estimates made using other 
enumeration methods such as aerial surveys or sonar counts. Having an actual number for a 
major component of the return will help in achieving an accurate estimate of the total return. 
However, weir escapements represent only a portion of the Karluk and Ayakulik returns, because 
a mixed-stock commercial fishery harvests chinook salmon bound for the Karluk and Ayakulik 
rivers as well. Immature, or feeder, chinook salmon of unknown origin are also harvested in this 
mixed-stock fishery which occurs along the west side of Kodiak Island in June and early July. 
The unknown contribution of chinook salmon bound for the Karluk and Ayakulik rivers to the 
commercial harvest, in numbers of fish and by age and sex, adds a source of error in determining 
the size and biological characteristics of total returns. However, the Kodiak area commercial and 
marine sport harvests of chinook salmon will be sampled for coded wire tags (CWT) during the 
summer of 1997, in conjunction with research which is occurring in Cook Inlet. In addition to 
determining the magnitude of Kodiak harvests of marked stocks, CWT sampling will allow us to 
account for the portion of the harvest bound for locations outside the Kodiak area where CWTs 
were applied to chinook salmon smolt. This will remove a source of error and will improve the 
accuracy of return reconstruction and escapement goals. 

On the Karluk River, inriver return was 12,657 and 10,051 chinook salmon in 1995 and 1996, 
(Table l), while the commercial harvest was 7,023 and 9,332 chinook salmon. Clearly, the 
inriver return represents the largest component of the total Karluk River return because the 
inriver return was larger than the entire mixed-stock fishery both in 1995 and 1996. This is also 
true for the Ayakulik River, where over the past 10 years inriver returns have exceeded the entire 
mixed-stock commercial harvest eight times. We need to determine whether sampling the largest 
component of the return without sampling minor components will allow construction of brood 
tables that will be accurate enough to develop effective escapement goals. 

The commercial harvest in the entire Kodiak area was monitored for CWTs in 1994. Hatchery 
contribution (mainly from British Columbia) accounted for about 30% of the commercial 
chinook salmon harvest. Subtracting fish of known origin from the mixed-stock fishery harvest 
will reduce bias in estimating the commercial harvest of chinook salmon returning to the Karluk 
and Ayakulik rivers. Knowing the age, sex, and size characteristics of the harvest may also allow 
for more accurate estimation of the return to each river. 

In addition to establishing a sampling program to define the age and brood-year composition of 
the return, we also need to determine the number of fish that actually spawn. This is a crucial 
element because the main goal of this project is to evaluate the returns produced by different 
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spawning escapements. Spawning escapement is calculated by subtracting the sport harvest and 
hook-and-release mortality above the weir from the inriver return at the weir. 

The creel surveys which were conducted on the Karluk and Ayakulik rivers in 1993 and 1994 
were discontinued in 1995 and 1996 and are not planned for the immediate future because the 
creel surveys were very close to the SWHS estimates. 

Virtually all of the sport harvest at the Ayakulik River and most of the sport harvest at the Karluk 
River occurs above the weir. Therefore, spawning escapements in the future should be estimated 
by subtracting SWHS estimates from the weir counts. There are two problems associated with 
this method: mortality associated with released fish, and the SWHS estimate for the Karluk 
River includes harvest which occurs in the Lagoon before these fish are counted through the 
weir. 

The SWHS estimated 2,613 sport-caught chinook salmon were released in the Karluk River in 
1995 (Howe et al. 1996). Some of these fish died due to wounds received from hooks or from 
handling. Research on the Kenai River indicated that about 7% of released chinook salmon died 
due to hooking or handling after being released (Bendock and Alexandersdottir 1992). If a 7% 
mortality rate is applied to the release estimates for the Karluk River, then 183 less fish would 
have spawned in 1995. The loss to hook-and-release mortality is probably very small relative to 
the total return. Research to define the specific mortality rate in the Karluk River is not 
warranted. Applying existing estimates from the Kenai River to spawning escapement estimates 
for the Karluk River would adequately address this mortality factor. 

Subtracting the SWHS harvest estimates for Karluk River and Lagoon from the weir count to 
estimate spawning escapement also introduces some bias because some of the sport harvest 
occurs in the Lagoon before the fish are counted at the weir. Creel surveys were conducted in 
1993 and 1994, but because it is not cost effective to continue doing creel surveys in the Lagoon 
to adjust the spawning escapement by as little as 100 to 200 fish, and bias introduced by such a 
small harvest is insignificant in comparison to the size of the inriver return, these surveys were 
discontinued in 1995. 

Although the SWHS of 1993 and 1994 accurately estimated the chinook salmon harvests, the 
1995 SWHS estimate was 200 chinook salmon harvested for the entire Ayakulik River, but a 
harvest of 296 chinook salmon was censused at the weir and lodge. This does not take into 
account the harvest of chinook salmon from Bare Creek, which typically is close to 50% of the 
annual harvest. With this in mind, the estimated harvest of chinook salmon on the Ayakulik 
River in 1995 is closer to 600 fish. This difference of 400 fish between the S WHS and the weir 
census is not significant enough to continue spending thousands of dollars performing creel 
surveys. 

In the summer of 1996, the only wheel-equipped airplane scheduled to pick up rafters on the 
beach had an accident on its first scheduled pick-up, taking the airplane out of commission for 
the remaining fishery. As a result, rafters scheduled to float the Ayakulik River for chinook 
salmon were taken to the Karluk River instead. Only five groups of rafters came through the 
Ayakulik River weir, where as many as 20-25 groups are common. 

For Chignik River chinook salmon, the return is calculated by adding the Chignik River weir 
count to the commercial chinook salmon harvest from Chignik Lagoon. Chignik Lagoon is 
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considered a terminal harvest area because of its geographical features, and the problems 
associated with estimating harvest in a mixed-stock fishery do not occur here. However, at least 
two problems are associated with calculating the total return: some of the chinook salmon 
entering the Chignik River hold in the lower river and are never counted at the weir, and a 
mixed-stock commercial fishery in fishing districts outside of Chignik Lagoon might harvest 
chinook salmon of Chignik River origin. 

The Chignik River weir is located about 3 miles upriver from the bay. The entire river is about 
7 miles long. Some chinook salmon never go through the weir; they hold and spawn in the lower 
river. These fish cannot be counted from the air because the water is too deep and murky. One 
guess, based on sport fishing success and the number of chinook salmon that can be seen when 
skiffing over certain sections of the lower river, is that about 75% of chinook salmon entering the 
river pass through the weir and are counted, but the number of chinook salmon that hold in the 
lower river changes greatly from year to year (Dave Owen, Chignik Area Management Biologist, 
ADF&G, Kodiak, personal communication). As with the Karluk and Ayakulik rivers, we need to 
evaluate if the weir count and the terminal harvest in Chignik Lagoon represent a large enough 
percentage of the total return to develop accurate brood tables. If we determine that it is 
advantageous to increase the accuracy of our total return estimate then we should consider 
attempting to estimate the number of chinook salmon that do not pass through the weir. 

The commercial harvest of chinook salmon in the districts outside of Chignik Lagoon must also 
be addressed. These fisheries harvest fish of mixed origin. The only chinook salmon system on 
the Alaska Peninsula from Unimak Island to Cape Douglas, a distance of over 500 miles, is the 
Chignik River, which has averaged a weir count of 4,000 fish since 1990. The average 
commercial harvest for this same area and time period was 23,000 chinook salmon. Because 
these geographic areas are known migratory routes for salmon, the percentage of Chignik-bound 
chinook salmon harvested in these areas is probably small. If it is necessary to research the stock 
composition of this harvest further several things can be done. Simply comparing average 
weights of chinook salmon from Chignik Lagoon with the outside districts may show that the 
outside harvest is made up predominantly of immature or feeder chinook salmon of nonlocal 
origin. A sampling program to look for CWTs and document age composition, as described for 
the Kodiak Management Area, could also be conducted. 

RECOMMENDATIONS 
To construct brood tables and evaluate returns produced by spawning escapements, we need to 
continue to sample inriver returns for size, sex, and age composition. 

The CWT sampling program, starting in the spring of 1997, will allow us to account for a portion 
of the commercial harvest of non-Kodiak area origin, removing a source of error and improving 
the accuracy of return reconstruction and resulting escapement goals. We must evaluate the 
results of the CWT program and then decide if additional research is needed in order to 
determine stock composition and biological characteristics of the mixed-stock commercial 
harvest needed to produce accurate total return brood tables. 

Because estimates of harvest from the 1993 and 1994 onsite creel surveys and census agreed 
closely with the SWHS, creel surveys in 1995 and 1996 were not necessary to accurately 
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estimate spawning escapement. Spawning escapement can be estimated by subtracting the 
SWHS estimate of harvest from the weir counts. 

Although not a problem up to now, quality control during sampling should be maintained so that 
accurate data can be obtained. It is especially important that technicians sampling inriver returns 
at the weir traps are trained to accurately identify the sex of sampled fish. Additionally, crews 
sampling the commercial purse seine catch from Chignik Lagoon should continue to work 
closely with cannery personnel to insure that no chinook salmon caught outside of Chignik 
Lagoon are sampled. 
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